Summary. The dendritic morphology and retinal distribution of substance P(SP)-immunoreactive neurons was determined in two Australian lizard species Pogona vitticeps and Varanus gouldii, by using immunohistochemistry on retinal wholemounts and sectioned materials. In both species, two classes of SP-immunoreactive neurons were described in the inner nuclear layer (INL) and classified as amacrine cells (types A and B). Type A amacrine cells had large somata and wide-field, bistratified dendrites branching in sublaminas 1 and 5 of the inner plexiform layer (IPL). Their morphology and retinal distribution differed between the two species. Type B amacrine cells in both species had small somata and small-field dendritic branching. A population of SP-immunoreactive neurons with classical ganglion cell morphology were identified in the ganglion cell layer (GCL). Immunostained ganglion cells occurred in larger numbers in Varanus gouldii than in Pogona vitticeps.
Summary. The dendritic morphology and retinal distribution of substance P(SP)-immunoreactive neurons was determined in two Australian lizard species Pogona vitticeps and Varanus gouldii, by using immunohistochemistry on retinal wholemounts and sectioned materials. In both species, two classes of SP-immunoreactive neurons were described in the inner nuclear layer (INL) and classified as amacrine cells (types A and B). Type A amacrine cells had large somata and wide-field, bistratified dendrites branching in sublaminas 1 and 5 of the inner plexiform layer (IPL). Their morphology and retinal distribution differed between the two species. Type B amacrine cells in both species had small somata and small-field dendritic branching. A population of SP-immunoreactive neurons with classical ganglion cell morphology were identified in the ganglion cell layer (GCL). Immunostained ganglion cells occurred in larger numbers in Varanus gouldii than in Pogona vitticeps.
In both species type B SP cells were the most numerous and were estimated to be about 60,000-70,000. They were distributed non-uniformly with a high density band across the horizontal meridian of the retina, from where the density decreased towards the dorsal and ventral retinal margins. In both species type A amacrine cells occurred in small numbers distributed sparsely in the peripheral retina. The faint immunostaining of SP-immunoreactive neurons in the GCL, did not allow us to reliably determine their numbers and retinal distribution. The functional significance of SP-immunoreactive amacrine and ganglion cells in the lizard retina remains to be determined.
The localization and distribution of substance P (SP)-like immunoreactivity has been described in the retina of many vertebrate species using radioimmunoassay and immunohistochemical techniques (see reviews: BRECHA, 1983; BRECHA and KARTEN, 1985) . Substance P-like immunoreactivity has been commonly observed in the somata of amacrine cells and the processes of these cells in sublamina 3 of the inner plexiform layer (IPL). This has been shown in the retinas of goldfish (BRECHA et al., 1981) , frog (ESKAY et al., 1981; OSBORNE et al., 1982) , turtle (REINER et al., 1984; BRECHA and KARTEN, 1985; CUENCA and KOLB,1989) , lizard (OSBORNE et al., 1982; BRECHA and KARTEN, 1985) , chick (ISHIMOTO et al., 1982; OSBORNE et al., 1982) , pigeon (KARTEN and BRECHA, 1980) , cat (BRECHA et al., 1984; VANEY and WHITINGTON, 1986) , cow (OSBORNE, 1984) , monkey (BRECHA et al., 1982) and human (TORNQVIST and EHINGER, 1988) . In many of these retinas an additional dendritic lamination of SP-immunoreactivity was found either in the scleral (sublamina 1) and/or in the vitreal (sublamina 5) part of the IPL. The dendritic lamination was different in two anuran species, occurring predominantly in sublaminas 4 and 5 (HISCOCK and STRAZNICKY, 1989) , and in some skates and reef fish where SP-immunoreactivity was reported in sublaminas 1-2 and 4-5 (BRUUN et al., 1985; BRECHA and KARTEN, 1985) .
The retinal distribution of SP-immunoreactive amacrine cells and their morphological features have been reported from studies of flatmount preparations in the frog (HISCOCK and STRAZNICKY, 1989) , turtle (CUENCA and KOLB, 1989) , chick (ISHIMOTO et al., 1982) and cat (POURCHO and GOEBEL, 1988; VANEY et al., 1989) . Of particular interest from these studies, has been 1) the comparison of the distribution of SP-immunoreactive cells with that of ganglion cells or cells of the inner nuclear layer (INL), and 2) the determination of whether the proportion of displaced 
SP-immunoreactive
ACs is consistent with the known population of all displaced amacrine cells. In the cat retina, displaced amacrine cells amount to 80% of all neurons of the GCL (HUGHES and WIENIAWA-NANKIEWICZ, 1980; WONG and HUGHES, 1987) and more immunoreactive amacrine cells were found in the GCL than in the INL (VANEY et al., 1989) . In the frog, chick and turtle retinas displaced amacrine cells make up between 6 to 20% of neurons of the GCL (PETERSON and ULINSKI, 1979; EHRLICH et al., 1987; NGUYEN and STRAZNICKY, 1989) , of which only a very small number contain SP-immunoreactivity (TAHARA et al., 1986; CUENCA and KOLB, 1989; HISCOCK and STRAZNICKY, 1989) . The retinal distribution of SPimmunoreactive ACs is different from the distribution of ganglion cells in the chick (TAHARA et al., 1986) and Bufo marinus (HISCOCK and STRAZNICKY, 1989) and similar in Xenopus laevis (HISCOCK, 1989) and cat (VANEY et al., 1989) .
A variety of morphologically distinct amacrine cells with SP-immunoreactivity have been observed in different species where the number of types has varied from six in chick (TAHARA et al., 1986 ) to a single cell type in cat (VANEY and WHITINGTON,1986; POURCHO and GOEBEL, 1988) . In general, SP-immunoreactive cells correspond either to a wide-field type with sparse retinal distribution (frog and chick) or to a small to medium field type with frequent retinal distribution (turtle and cat).
Although there is a large number of species in which the presence of SP-immunoreactive neurons in the retina has been reported, including three species of lizards, Anolis carolinensis, Uta stansburiana and Gecko gecko (BRECHA and KARTEN, 1985) , the morphology and retinal distribution of SP-immunoreactive types has not been adequately documented in lizards. We applied an antibody against SP to wholemounts and sections of the retina of two Australian lizards from two phylogenetically ancient and widely distinct families, the Agamidae (Pogona vitticeps) and varanidae (Varanus gouldii) to reveal the morphology and retinal distribution of immunostained neurons. Three SP-immunoreactive cell groups (types A and B amacrine cells and a ganglion cell type) were identified and their differential retinal distributions were determined. A brief report of the results has been publisihed in abstract form (HISCOCK and STRAZNICKY, 1990) .
MATERIALS AND METHODS
Pogona vitticeps and Varanus gouldii lizards were obtained from the red sand desert region of northern South Australia and kept in laboratory conditions for a short period of time (1-3 weeks). Lizards were anaesthetized with Nembutal (10mg/kg) at room temperature, decapitated and the eyes were removed from the orbit.
Immunohistochemistry
The neural retinas were dissected free from the sclera, choroid and pigment epithelium in phosphate buffered saline (PBS) and then placed in cold (4C) Zamboni's fixative (15% picric acid, 2% formaldehyde, pH 7.1) for 48h. Retinas were washed in 100% dimethyl sulphoxide (three changes of 10min) (GRACE and LLINAS, 1985; FURNESS et al., 1987) and PBS (three changes of 10min) prior to overnight incubation in primary antibody. The primary antibody, rabbit anti-SP (MORRIS et al., 1986) , was used at a concentration of 1:1600 in PBS at room temperature. After further washes in PBS the tissue was transferred to biotinylated anti-rabbit IgG diluted 1:200 in PBS for 3 h, washed again with PBS and incubated with avidin-biotin complex (Vector laboratories) for 2 h. Finally, retinas were washed (in PBS) and preincubated with fresh 0.5% 3,3-diaminobenzidine tetrahydrochloride (DAB) for 10 min followed by f uther incubation with fresh DAB with 0.01% H2O2. Retinas were washed in PBS and mounted on a gelatin coated slide in buffered glycerol (pH 8.6) with the GCL lying uppermost.
The specificity of the SP antiserum was tested by preincubating the antiserum with synthetic SP (Peninsula) at 10-6 to 10-4 M for 24h before application to the tissue. All immunoreactivity in the INL, IPL and GCL was abolished at the three dilutions tested although spots of immunoreactivity in the outer plexiform layer remained.
Sections were obtained from either peroxidase reacted wholemounts or fixed retinas that were cryoprotected overnight in 30% sucrose prior to sectioning at 16um in a cryostat at -20C. For fluorescent microscopy retinal sections were dried over P205, incubated in 10% normal sheep serum for 1h and then the primary antibody (diluted 1:2000 in PBS) was applied for 24h. Sections were washed in PBS, the secondary antibody (sheep-anti-rabbit-FITC) was applied for 1h, and following further washing in PBS the tissues were mounted in buffered glycerol. To describe the lamination pattern of immunoreactive processes in retinal sections, the IPL was arbitrarily divided into five equally thick strata (sublaminas 1-5) (KOLB, 1981) .
Morphometric analysis
The number and density of SP-immunoreactive neurons were determined from counts made at 300x magnification in sample areas of 0.2mm2. Retinas were cut into four quadrants for immunohistochemical processing, and counts were made in each quadrant at 500um intervals from peripheral to the central retinal regions. The four quadrants were drawn and the retinas were reconstructed by juxtaposition. For each cell the distance to the nearest neighbour was measured. These distances were classified into histograms and compared with a random and a Gaussian distribution (WASSLE and RIEMANN, 1978) .
Soma sizes of different classes of SP-immunoreactive neurons were measured at 400x with the aid of a drawing tube projected onto a HIPAD digitizer pad and linked to a computer. For each species, the soma sizes of immunoreactive neurons were obtained by measuring all cells in a microscope field of view, every three fields from peripheral to central retina. A total of 200 neurons for each retina were obtained, and three retinas were analysed. The distributions of soma sizes were determined for each type of SPimmunoreactive neurons for both species and compared with Student's T-test or Chi-square. Changing soma sizes across the retina were determined along a strip from central to peripheral dorsal retina and displayed on a scatter plot.
RESULTS
Neurons were labeled with the SP antibody in both the INL and GCL of the retinas of both lizard species. Two morphological types of neurons were found predominantly in the INL, one type being located in the GCL. Two of the SP-immunoreactive neuron types were similar in both lizards and on morphological criteria they were classified as amacrine cells (types A and B). Type A neurons had large cell somas and wide-field dendritic branching patterns and were readily distinguished from type B neurons with their small cell somas and small dendritic arbors.
Type A amacrine cells of the INL Type A cells were classified as wide-field ACs on the basis of their large soma (10-12um diameters) and dendritic field sizes (processes extended for distances of 1-2mm) (KOLB,1982) . In the retinas of both lizard species, one morphological type of wide-field amacrine cells (type Al) was found adjacent to the periphery of the retina and displayed bistratified dendritic branching in sublamina 1 and 5 of the IPL (Figs. 1-3 ). In the retina of Pogona vitticeps a second morphological variety of wide-field amacrine cells (type A2) was located in a 2-3mm peripheral rim (Figs. 4, 5) .
In wholemounts, the orientation of the thick and varicose dendrites of type Al neurons differed in the two species. The dendrites in the retina of Varanus gouldii were predominantly arranged parallel to the ciliary margin (Fig. 2) and Pogona vitticeps, they were oblique to the ciliary margin (Fig. 3) . However, SP-Immunoreactive fibers could also be seen running parallel to the very edge of the Pogona vitticeps retina. The main dendrites were located in sublamina 1 with some branches directed to sublamina 5 of the IPL (Fig. 1) . These cells were found only in small numbers in the retinas of both species (in the order of 200-300 per retina).
In the retina of Pogona vitticeps, type A2 neurons had variable morphology, somata of 12-16um in diameter and 4-5 primary dendrites (Figs. 4, 5 ). They were considered to be wide-field amacrine cells on the basis of the observation of occasional long dendritic processes of 1-2mm in length, extending from the cell soma in sublamina 1 of the IPL. These neurons may be the same as type Al neurons but with a more in diameter in Pogona vitticeps) typically gave rise to a single apical dendrite (Figs. 6, 7) . The level of arborization in the retina of the lizards was a broad band extending from the 50-60% level of the IPL, placing it in sublamina 3 but toward the border of sublamina 4 (Figs.  6D, 7C ). The apical dendrite usually divided into two processes as it passed through the IPL. In the wholemount preparations the varicosities associated with the dendritic net in sublamina 3 were more prominent than the length of dendrite between varicosities (Fig.  6B, C) . The drawings of type B neurons therefore represent an underestimate of the size and complexity of the dendritic fields. Accurate estimations of dendritic field sizes were difficult but diameters ranging between 150-300um were measured from drawings (Fig. 8) , consistent with similar observations of small-field amacrine cells of the turtle retina (KoLB, 1982) .
SP-immunoreactive neurons in the ganglion cell layer
While the SP antibody stained cells in the GCL of the retina of both lizard species (Fig. 9D) , many more cells were stained in the retina of Varanus gouldii than that of Pogona vitticeps (Fig. 9A, B) . Weak immunoreactivity for SP was found in the somata of these round shaped cells and immunostained axonal processes were not recognizable. The morphology of these neurons was unlike that of the type A or type B neurons and the primary dendrites were not stained. Fibers in the optic fiber layer were immunopositive for SP suggesting the presence of SP-immunoreactive ganglion cells in the Varanus gouldii retina (Fig.  9E) . In two animals, the ganglion cells were labeled by DiI which was transported retrogradely from the optic tectum. The morphology of SP-immunoreactive neurons in the GCL was similar to that of the DiI labelled ganglion cells (Fig. 9C ). However, in retinas which contained DiI labeled ganglion cells, co-localiza tion with SP-immunoreactivity could not be shown. to the calculated Gaussian distribution and the broken line represents the random dot distribution. N is the number of SP-immunoreactive neurons for which the nearest neighbour distance was calculated. The mean (x) and standard deviation (sd) for each sample are indicated. sd=36 and x=162 pm2 sd=31 respectively, from the same retina. These distributions were significantly different (X2=58, df=10, p<0.05). 
Density and distribution of SP-immunoreactive neurons
We determined the density of all SP-Immunoreactive neurons in the INL in two well stained retinas of each species. Representative isodensity maps are shown in Figure 10 . The peak density of SP-Immunoreactive neurons was located in a streak dorsal to the optic nerve head in Pogona vitticeps and in an elliptical area temporal to the optic nerve head in Varanus gouldii. Density of SP-Immunoreactive neurons varied from 900cells/mm2 in the visual streak to 120 cells/mm2 in dorsal and ventral peripheral Pogona vitticeps retina. Lower density was found in the retina of Varanus gouldii where 670cells/mm2 occurred at the peak, and less than 100cells/mm2 in the dorsal retina. Total numbers of SP-Immunoreactive neurons in the INL were estimated to be 77,000 and 93,600 from studies in two animals of Varanus gouldii, and 75,250 and 69,000 in the retinas of two Pogona vitticeps.
Wide-field amacrine cells occurred in low numbers. In Pogona vitticeps the number of type A2 neurons was counted in one animal and came to 1,695 (Fig.  11) . The number of type Al neurons was also low, in the range of 200-300 per retina in Varanus gouldii.
Nearest neighbour analysis
A nearest neighbour analysis of type B amacrine cells was carried out at three retinal locations, peripheral dorsal, midway between dorsal and visual streak, and visual streak in both species. In the Varanus gouldii retina, the mosaic of type B amacrine cells was distributed in a regular pattern (Fig.  12) . The regularity index, the ratio of mean/standard deviation (WASSLE and RIEMANN, 1978) varied between 2.5 and 3.1. The mosaic of type B neurons in the Pogona vitticeps retina was also regular although the regularity index was lower (2.1-2.8) than for Varanus gouldii. These data are consistent with the classification of the type B neurons as a single cell population. An analysis of the nearest neighbour distances for type A neurons was not undertaken as these groups were sparsely distributed and were not homogeneous cell populations.
Soma sizes of SP-immunoreactive neurons
Cell soma areas of at least 100 SP-immunoreactive neurons of each morphological type were measured to determine whether they corresponded to distinct populations. In the retina of Pogona vitticeps, type B cells were smallest in size (Figs. 13, 14) . However, soma sizes varied according to retinal location and were inversely proportional to the density of these cells (Fig. 13) . Type A1 and A2 were large neurons with different distributions of soma sizes (Fig. 14) . It could not be ruled out that the differences in the type A amacrine cells were not due to physical constraints in their varying retinal locations.
Type B neurons in the retina of Varanus gouldii were smaller cells than the type amacrine cells and the SP-immunoreactive neurons in the GCL (Figs. 15,  16 ). Centrally located type B cells had different soma size distributions to that of type B neurons in peripheral retina, similar to the result shown for type B neurons in the Pogona vitticeps retina. The soma sizes of SP-immunoreactive neurons in the GCL of the central retina of Varanus gouldii were distributed differently to centrally located type B cells (X2=494; df=6, p<0.05) and to peripherally located type A neurons (Fig. 16) . DISCUSSION SP-immunoreactive neurons in the retina of two lizard species Pogona vitticeps and Varanus gouldii included cells with their somata in the INL and GCL. Two neuron types (types A and B) were likely to be amacrine cells on the basis of their soma sizes, dendritic branching pattern, distribution and position of somata within the different retinal layers (Brecha, 1983) . Type A cells were located adjacent to the periphery of the retina in both species and were likely to be wide-field amacrine cells. In both species these neurons had long, thick varicose processes at the retinal edge that arborized in sublaminas 1 and 5 of the IPL. In the Pogona vitticeps retina a possible morphological variety of the peripheral type A cells occurred in the outer 3mm rim of the peripheral retina. Type B amacrine cells, located mostly in the INL with a small number in the GCL, were the most numerous in the retina of both lizard species. Their single dendritic process branched into sublamina 3 of the IPL corresponding to the dendritic branching of unistratified, small-field amacrine cells. The highest density of type B cells was observed in the retinal center both in Pogona vitticeps and in Varanus gouldii and the lowest density in the dorsal and ventral retina. Analysis of the nearest neighbour distances of these cells indicated that these neurons constitute a single population.
Neurons immunoreactive for SP were localized in the GCL of the retina of both lizard species, in greater numbers in Varanus gouldii than in Pogona vitticeps. The cell morphology of these cells was similar to classical neurons identified to be ganglion cells in the mammalian retina (WONG and HUGHES, 1987) . In addition, these were morphologically similar to DiI labeled ganglion cells in the lizard retina suggesting that they are likely to be ganglion cells.
SP-immunoreactive neurons in the lizard retina
Similar to the observations in other lizard species (OSBORNE et al., 1982; BRECHA and KARTEN, 1985) , most-SP-immunoreactive cells in Pogona vitticeps and Varanus gouldii were found in the INL. The major dendritic lamination of these cells occurred in sublamina 3 of the IPL, though immunoreactive dendrites were also present in sublaminas 1 and 5 in peripheral retinal locations. These observations are comparable to the findings in Gecko gecko (BRECHA and KARTEN, 1985) but are different from the results obtained in Lacerta (OSBORNE et al., 1982) , Anolis carolinensia and Uta stansburiana (BRECHA and KAR -TEN, 1985) where dendritic branching of SP-immunoreactive cells was unistratified only in sublamina 3. However, these latter studies used cross-sections of lizard retina and reported only a single SP-immunoreactive amacrine cell type. The application of immunohistochemistry on retinal wholemounts in the present study enabled us to distinguish morphologically different amacrine cell types in Varanus gouldii and in Pogona vitticeps. In addition to displaced type B amacrine cells, we also identified SP-immunoreactive cells in the GCL with morphology similar to that of retinal ganglion cells. The presence of SP-immunoreactive cells in the GCL have been noted previously in the retina of two other lizard species (BRECHA and KARTEN, 1985) , but they were considered to be displaced amacrine cells. The results of our present study and previous reports suggest that the level of stratification of the majority of SP-immunoreactive fibers in the IPL is conserved in the lizard retina across species with widely different taxonomical relations.
Previous descriptions of lizard retinal cross-sections (FITE and LISTER, 1981) reported a high cell density region in the GCL of the central retina. The presence of two foveas in the retinas of some lizards was also noted (FITE and LISTER, 1981; MAKARETZ and LEVINE, 1980) . This evidence taken with our unpublished observations on cresyl violet stained retinal wholemounts indicate that a visual streak-like structure is located in the GCL across the horizontal meridian of the retina, dorsal to the optic nerve head. It is unknown whether the changing density of type B SP-Immunoreactive neurons is similar to that of the ganglion cells in these lizards. Recent data from the cat and rabbit have shown that the retinal distribution of identified amacrine cell populations follow similar pattern to that of the ganglion cells (VANEY, 1990) .
Comparative anatomy of SP-immunoreactive neurons
Dendritic lamination Substance P-immunoreactive amacrine cells have been morphologically characterized in some vertebrates with regard to their dendritic arborization pattern, lamination in the IPL and distribution across the retina (CUENCA and KOLB, 1989; HISCOCK and STRAZNICKY, 1989) , while their presence has been confirmed in cross-sections of retina from a much greater number and diversity of species (BRECHA and KARTEN, 1985) . Type B amacrine cells in the two species of lizard are similar to a morphologically characterized SP-immunoreactive cell type occurring both in the INL and GCL of the cat (POURCHO and GOEBEL, 1988; VANEY et al., 1989) and turtle retinas (CUENCA and KOLB, 1989) . Thus in many species SP-immunoreactive fibers branch at or near the 50 level (sublamina 3) of the IPL. This evidence is consistent with the suggestion that SP-immunoreactive cells similar to type B amacrine cells in lizards, are ubiquituous among vertebrate classes.
The dendritic lamination pattern of wide-field SP-immunoreactive amacrine cells varies considerably amongst vertebrate species. In this report we showed a bistratified dendritic branching of type A cells in sublaminas 1 and 5. In the turtle retina, peripherally located wide-field SP-immunoreactive amacrine cells have tristratified dendritic branching (CUENCA and KOLB, 1989) . The dendritic lamination of wide-field amacrine cells was confined to sublaminas 4 and 5 in the retina of two anurans, Bufo marinus and Xenopus laevis (HISCOCK and STRAZ-NICKY,1989) . In contrast, no wide-field SP-immunoreactive amacrine cells were reported in the cat retina (POURCHO and GOEBEL, 1988; VANEY et al., 1989) . Knowledge of the functional role of SP-like peptides in the retina are required to assist our understanding of the variable morphology and lamination of these cells.
Distribution
Type B amacrine cells occurred in greater numbers and density in Pogona vitticeps and Varanus gouldii than in any vertebrate species yet reported. Previous estimations of total retinal cell numbers of this cell type was 39,000 in cat (VANEY et al., 1989 ) and 6,700 in turtle (CUENCA and KOLB, 1989) . The high number of SP-immunoreactive neurons in lizard retina may be in accordance with the large number of ganglion cells in these animals (unpublished observations).
The present study described wide-field amacrine cell types (type A) in the retina of both lizard species that were restricted in their distribution to the peripheral region of the retina. The presence of wide-field SP-immunoreactive amacrine cells in only peripheral retina in turtle has also been reported (CUENCA and KOLB, 1989) . In the chick retina (ISHIMOTO et al., 1982) "Bullwhip" amacrine cells with large somata (15-20um diameter) have been described to occur only in the ventral retina (TAHARA et al., 1986; EHRLICH et al., 1987) . Similarly, in the pigeon retina a larger number of SP-immunoreactive neurons have been reported to be distributed in the ventral retina (KARTEN and BRECHA, 1980) . The possible role of the discontinuous retinal distribution of some SP-immunoreactive neuron classes is not immediately apparent.
The retina may contain specialized regions for different visual functions as exemplified by the presence of morphologically and/ or immunohistochemically distinct cell types distributed non-uniformly.
Peripherally located SPimmunoreactive neurons in the lizard and turtle retina and discontinuous retinal distributions in other species, provide evidence for this suggestion.
Functional role of SP-immunoreactive neurons Morphologically characterized SP-immunoreactive neuron types in the retina of both lizards represent different functional classes on the basis of their morphology, distribution and the lamination of their dendrites in the IPL. Type B neurons with their dendritic arborization in the center of the IPL may influence ON-and OFF-center ganglion cells (NELSON et al., 1978) whilst type A neurons with their processes at the vitreal and scleral edges of the IPL may act either on ON-or OFF-center ganglion cells, respectively. The two lizard species are not closely related phylogenetically, thus it is not surprising that there are some differences in the morphology of their SP-immunoreactive neurons. However, the lamination patterns of the SP-immunoreactive dendrites were similar between the two species and compared well with the lamination patterns observed in the turtle (CUENCA and KOLB, 1989) and in the cat (VANEY et al., 1989) . Analyses of synaptic connectivity are required before the apparent conservation of dendritic lamination of SP-immunoreactive amacrine cells between vertebrate species can be correlated with the functional roles of these cells.
SP-immunoreactive ganglion cells
Substance P-immunoreactive neurons with morphology similar to that of ganglion cells (WONG and HUGHES, 1987) were identified in the GCL of both lizards. There is good evidence for the presence of SP-immunoreactive ganglion cells in the retinas of a number of other species. In the frog Rana pipiens, SP-immunoreactivity has been demonstrated in retinal terminals in the central projections of ganglion cells and in the somata of some of the ganglion cells during development (KULJIS and KARTEN, 1986) . SP-immunoreactive ganglion cells have been found in the retinas of chick (EHRLICH et al., 1987) and rabbit (BRECHA et al., 1987) . In these species SP-immunoreactive ganglion cells were distributed across the retina with a density gradient consistent with all other ganglion cells. Evidence is also available for the possible presence of SP-immunoreactive ganglion cells in the retinas of the cat (VANEY et al., 1989) and turtle (CUENCA and KOLB,1989 ). Our present observations confirm previous reports that SP-immunoreactive ganglion cells are a regular feature of the vertebrate retina.
In summary, our immunohistochemical analysis in the retina of two lizards species identified 2 amacrine cell types with well defined retinal distribution and dendritic lamination in the IPL. In addition, a SPimmunoreactive cell type, located in the GCL, was demonstrated. The morphology of these cells and the occasional presence of SP-immunoreactive fibers in the optic fiber layer indicated that they may be ganglion cells.
